In HIV/hepatitis C virus co-infected patients, higher 25-hydroxyvitamin D concentrations were not related to hepatitis C virus treatment responses but were associated with ritonavir use [1] [2] [3] [4] Andrea D Branch, Minhee Kang, Kimberly Hollabaugh, Christina M Wyatt, Raymond T Chung, and Marshall J Glesby Design: Data and samples from 144 HCV genotype 1, treatment-naive patients from a completed HCV treatment trial were examined in this retrospective study. Early virologic response (EVR) was defined as $2 log 10 reduction in HCV RNA and/or HCV RNA ,600 IU/mL at week 12 of peg-interferon/ribavirin treatment. Baseline 25(OH)D was measured by liquid chromatography/tandem mass spectrometry. Results: Compared with the non-EVR control group (n = 68), the EVR group (n = 76) was younger, had fewer cirrhotic subjects, had a higher proportion with the IL28B CC genotype, had a higher albumin concentration, and had a lower HCV viral load at baseline (P # 0.05). The difference in baseline 25(OH)D concentrations between EVR and non-EVR patients was not statistically significant (median: 25 ng/mL compared with 20 ng/mL; P = 0.23). Similar results were found for sustained virologic response (SVR). In multivariable analysis, white and Hispanic race-ethnicity (OR: 6.26; 95% CI: 2.47, 15.88; P = 0.0001) and ritonavir use (OR: 2.68; 95% CI: 1.08, 6.65; P = 0.033) were associated with higher 25 (OH)D concentrations ($30 ng/mL). 
INTRODUCTION
Hepatitis C virus (HCV) 5 co-infection occurs in about onethird of subjects infected with HIV in the United States and Europe (1, 2) . Liver disease is now a leading cause of mortality in HIV-infected patients, and chronic HCV infection is the most common etiology (3) (4) (5) . HIV/HCV co-infected patients who achieve a sustained virologic response (SVR) to HCV treatment have increased survival (6) and a reduced risk of subsequent antiretroviral-related toxicities (7) ; however, responses to the current standard of care-dual therapy with pegylated interferon (PEG) and ribavirin-are generally poor (8) (9) (10) .
Several studies have examined viral and host factors predicting HCV virologic response (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Recently, vitamin D status was proposed as a predictor of HCV treatment outcome. The hypothesis that vitamin D might improve treatment responses is based on evidence that vitamin D enhances both innate and adaptive immune responses, reduces inflammation, and retards fibrogenesis (21) (22) (23) (24) (25) (26) (27) . In HCV mono-infected patients, vitamin D deficiency has been associated with poor treatment response and with more advanced liver fibrosis (28) (29) (30) (31) (32) (33) , although contrary findings have also been reported (34) . Vitamin D supplements have been reported to improve treatment outcomes in HCV mono-infected individuals (35) (36) (37) . In a study of HIV/HCV co-infected patients carried out in France (38) , lower 25-hydroxyvitamin D [25(OH)D] concentrations were associated with more advanced liver fibrosis, but not with HCV treatment failure. In contrast, a study carried out in Austria showed a positive relation between 25(OH)D concentrations and response to HCV treatment (39) . To our knowledge, the relation between 25(OH)D concentrations and treatment response has not been examined in HIV/HCV patients in the United States, which has a racially and ethnically diverse population.
Apart from its possible effect on treatment outcome and liver disease progression, the vitamin D status of HIV/HCV-positive patients is important because vitamin D promotes the absorption of dietary calcium and strengthens bone. HIV/HCV co-infected patients often have low bone density (40) (41) (42) (51) .
In this study, we examined the relation between baseline 25(OH)D concentrations and response to PEG/ribavirin treatment in HCV treatment-naive patients with genotype 1 HCV from the completed AIDS Clinical Trials Group (ACTG) A5178 study (52) . We also identified factors associated with 25(OH)D concentrations $30 ng/mL in this study group.
SUBJECTS AND METHODS

Subjects
The design of A5178 was previously described (52) . Briefly, it was a multicenter prospective trial conducted by the ACTG to elucidate the role of maintenance PEG therapy in HCV treatment nonresponders with HIV co-infection (52) . The trial enrolled 330 subjects from August 2004 to April 2007 from 36 ACTG sites within the United States. In Step 1, all subjects were treated with pegylated-interferon-a 2a 180 mg/wk plus weight-based ribavirin for 12 wk to distinguish treatment responders from nonresponders by early virologic response (EVR), defined as a $2 log 10 decrease from baseline or undetectable HCV RNA (,600 IU/mL) at 12 wk. Patients with an EVR received a total of 72 wk of PEG/ ribavirin therapy, whereas patients without an EVR were followed in a maintenance trial. All A5178 subjects provided written informed consent, and 87% provided consent for genetic testing through a separate protocol. The institutional review boards of all sites participating in the parent study approved the study protocol. Guidelines of the US Department of Health and Human Services and those of the authors' institutions were followed in the conduct of this research. The current study was a retrospective analysis of 144 subjects with genotype 1 HCV who were treatment-naive and who consented to IL28B genotyping as part of a separate study (19) . The study group included 47 non-Hispanic whites, 76 nonHispanic blacks, and 21 Hispanics (19 of whom were white and 2 of whom were black). In several analyses whites were grouped with Hispanics, in keeping with the methods used in the parent study. Only one Asian was eligible for the study, and this person was excluded to reduce heterogeneity.
Vitamin D concentrations
The 25(OH)D concentration was measured centrally in baseline serum samples by HPLC tandem mass spectrometry (Quest Diagnostics). The interassay CV across the analytic range of the assay is 7%. Serum samples were pristine and stored at 2708C at local sites until shipment on dry ice to the central repository and ultimately the central laboratory. 25(OH)D was analyzed as a continuous variable and as a dichotomous variable by using a cutoff of $30 ng/mL (51).
Viral load tests and treatment outcomes
HCV RNA was tested by using the Roche Cobas Amplicor assay with a lower detection limit of 600 IU/mL for the quantitative assay (during the first 12 wk) and 60 IU/mL for the qualitative assay (to assess SVR). HIV RNA was tested by using Roche Ultrasensitive HIV reverse transcriptase-polymerase chain reaction with a lower limit of quantification of 50 copies/mL. EVR was defined as a $2 log 10 reduction in HCV RNA and/or HCV RNA ,600 IU/mL at week 12 by using the quantitative assay. SVR was defined as undetectable HCV RNA at 24 wk after treatment cessation.
Covariates
The following covariates were of interest to characterize the study population: sex, age at enrollment, race-ethnicity (nonHispanic blacks vs. white and Hispanics), BMI, current or prior intravenous drug use, cirrhosis, season when baseline sample was collected, region of site enrollment in the United States [north, .408N/south, ,408N], and baseline clinical laboratory values, including estimated glomerular filtration rate (GFR), platelet count, alkaline phosphatase, albumin, HOMA-IR, CD4 cell count, HIV-1 RNA concentration, HCV viral load, CD4 nadir, IL28B genotype, use of highly active antiretroviral therapy (HAART; defined as a combination of $3 antiretroviral drugs, one of which could be ritonavir as a pharmacokinetic booster). GFR was estimated by using the Chronic Kidney Disease Epidemiology Collaboration equation (53) . HOMA-IR was calculated by using the subject's fasting glucose and fasting insulin concentrations: HOMA-IR = (fasting glucose 3 fasting insulin)/405.
Statistical analysis
Wilcoxon's rank-sum test was used to test differences in continuous measures between 2 groups, including comparison of 25(OH)D concentrations between EVRs and non-EVRs, and Van Eltern's test was used for stratified rank-based comparisons. Fisher's exact tests were used for comparisons of binary and categorized variables between 2 groups, except for IL28B, for which the Cochran-Armitage trend test was used. Logistic regression models were developed to assess factors associated with 25(OH)D. The following factors were considered: sex, age, race, ethnicity, BMI, intravenous drug use, cirrhosis, region, season of sample collection, use of HAART, use of specific antiretroviral drugs (efavirenz, ritonavir, and tenofovir), platelet counts, GFR, baseline CD4 + T cell count, HIV viral load, and IL28B genotype. The analyses were done by using SAS (version 9; SAS Institute). A statistical significance level of 0.05, 2-sided, was used. Because of the exploratory nature of the analysis, no adjustment for multiple testing was made.
RESULTS
Comparison of EVR and non-EVR groups
The 144 study subjects were predominantly male and nonHispanic black and had a median age of 48 y ( Table 1) . Most subjects (79.2%) were receiving HAART, and 38.2% were taking ritonavir, which was used only as a pharmacologic booster. The median 25(OH)D concentration was 22.5 ng/mL [quartile 1 = 14.0; quartile 3 = 29.0]. Slightly more than half of the subjects met the criteria for EVR. Compared with the non-EVR group (n = 68), the EVR group (n = 76) was younger, had a higher percentage of non-Hispanic whites, had a lower percentage with liver cirrhosis, had a higher albumin concentration, had a lower HCV viral load, and had a higher percentage with the favorable IL28B CC genotype ( Table 1) .
The difference in baseline 25(OH)D concentrations between EVR and non-EVR patients was not statistically significant (P = 0. Table 2 ). The group with higher 25(OH)D measurements had a lower percentage of nonHispanics blacks (22.9% compared with 62.4%), more HAART users (94.3% compared with 74.3%), and, specifically, more ritonavir users (57.1% compared with 32.1%). These 3 variables were included in a multivariable logistic regression analysis ( Table 3 ). In the multivariable analysis, a 25(OH)D concentration $30 ng/mL was positively associated with white and Hispanic race-ethnicity and ritonavir exposure.
DISCUSSION
We found no significant association between the baseline serum 25(OH)D concentration and EVR or SVR in this clinical trial of PEG/ribavirin treatment of HIV/HCV co-infected subjects. The median value among EVRs was 25.0 ng/mL compared with 20.0 ng/mL among non-EVRs, and this difference was not statistically significant. The lack of association between serum 25(OH)D concentration and HCV virologic response was not confounded by race or any other measured covariate in this analysis. One interpretation of these results was that vitamin D status is unrelated to treatment response in HIV/HCV co-infected patients; however, there were several caveats.
The study had a relatively small sample size of 144 patients. Our study also had the limitation of being a retrospective study from a completed trial. In addition, vitamin D status was determined by a single baseline measurement of 25 Our results add to the growing literature on 25(OH)D concentrations and virologic responses to HCV therapy (28-33, 35-37-39) . Previously, an investigation in HIV/HCV coinfected patients conducted in Austria reported a positive relation between 25(OH)D concentrations and SVR (39) , whereas a study conducted in France found no association (38) , in keeping with our results, which were obtained in a US study group that was 52.8% black and 14.6% Hispanic. The inconsistent results across studies suggest that the effect of baseline 25(OH)D on treatment outcomes may be modest, if it exists. However, given the very high costs and toxicity of 4 Total n = 142 (n = 75 for EVR and n = 67 for non-EVR). 5 CKD-EPI equation. 6 Total n = 70 (n = 37 for EVR and 33 for non-EVR). 7 Total n = 107 (n = 56 for EVR and n = 51 for non-EVR).
8 Exact Cochran-Armitage trend test. 9 June-November.
HCV treatment, even a modest beneficial effect could be clinically and economically significant if it can be obtained through the use of vitamin D supplements. With further investigation, it may be possible to identify the characteristics of patients most likely to benefit from higher 25(OH)D concentrations and from adjunctive treatment with vitamin D supplements before and during HCV treatment; moreover, given the high prevalence of bone disease in HCV-infected patients (42, (55) (56) (57) (58) (59) , HIV-infected patients (60) , and HIV/HCV co-infected patients (40, 41) , it may be prudent to consider vitamin D supplements for all patients with 25(OH)D concentrations ,20-30 ng/mL, regardless of the anticipated effect on HCV treatment response.
In summary, this study of 144 HIV/HCV co-infected patients did not show a significant relation between baseline 25(OH)D concentrations and EVR or SVR. Ritonavir exposure and white We thank the ACTG A5178 study team, the study subjects, and the many individuals involved in the conduct and/or care of patients enrolled in this study at each of the participating institutions.
The authors' responsibilities were as follows-ADB, MJG, RTC, and MK: designed the research; MK and KH: performed the statistical analysis; ADB: wrote the first draft of the manuscript; CMW: directed the interpretation of GFR data; ADB and MJG: had primary responsibility for the final content; and all authors: edited and approved the final version. The authors declared that no competing interests existed.
